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(57) A wireless data transmitting/receiving appara-
tus and method using an UltraWide Band (UWB). The
apparatus includes a random number generator (611);
a random-interval pulse sequence generator (612); a
template pulse sequence generator (621) which gener-
ates a reference template pulse sequence used to de-
tect the start point of the random-interval pulse se-
quence and generates pulse sequences for a signal 0
and a signal 1 by changing the widths of pulses; a ran-

UWB pulse sequence generation apparatus and method

dom number sequence detector (622) which receives
the random-interval pulse sequence and detects infor-
mation regarding the start point of a random number se-
qguence, using the reference template pulse sequence;
and a comparator (623) which compares the pulse se-
quences for the signal 0 and the signal 1, and deter-
mines whether the value of the received random-interval
pulse sequence is 0 or 1. Accordingly, it is possible to
easily detect information regarding the start point of a
pulse sequence while maintaining a processing gain.
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Description

[0001] The presentinvention relates to wireless com-
munication techniques, and more particularly, to a wire-
less data transmitting and receiving apparatus and
method using an UltraWide Band (hereinafter referred
to as 'UWB').

[0002] A wireless data transmission technique, which
is adopted by cellular mobile communications, satellite
communications, and television broadcast, transmits
data by changing the waveform of a base frequency
called a radio-frequency (RF) carrier and including the
data into the RF carrier. A UWB technique is a data
transmission method based on representation of data
with 0's and 1's by repeatedly transmitting a pulse, which
is an electric signal with a predetermined cycle and
waveform, at intervals of time, which is shorter than 1
nanoseconds, without using the RF carrier.

[0003] In other words, the UWB technique transmits
data using the pulse that acts as Morse code. When us-
ing very short pulses at predetermined intervals of time,
e.g., per several hundred picoseconds, the pulses are
modulated by a short length +Dt of time before and after
a predetermined time. When a pulse is modulated by a
length -Dt of time, data is transmitted as 0's, and when
a pulse is modulated by a length +Dt of time, data is
transmitted as 1's. Transmission of coded pulses at pre-
cise points of time allows transmission of a lot of data
and further increases the number of mobile users, the-
oretically without any restrictions.

[0004] Figure 1is a graph illustrating frequency spec-
trums of signals used in a narrow-band communications
system, a wide-band CDMA system, and a UWB com-
munications system. Figure 1 illustrates the frequency
spectrums of three different communications systems
of the same output power. The three different commu-
nications systems include a narrowband communica-
tions system, a broadband Code Division Multiple Ac-
cess (CDMA) system, and a UWB communications sys-
tem. Referring to Figure 1, compared to the narrowband
communications system and the broadband CDMA sys-
tem, the UWB communications system has lower den-
sity of spectrum power at a wide frequency band and
thus can share frequencies with the existing wireless
communications systems without interfering with the ex-
isting wireless communications systems.

[0005] The UWB communications system uses puls-
es with narrow widths of several nanoseconds or pico-
seconds. Accordingly, the system has very low density
of spectrum power at an ultra wide frequency band, pro-
vides a high-security, a high data transmission rate, and
undergoes less problems due to multi-path transmis-
sion. In particular, unlike the conventional wireless sys-
tem, the UWB communications system is capable of
conducting communications at a base band frequency
without carriers. Therefore, the structure of the UWB
communications system is simple and makes it possible
to manufacture a transceiver included in this system at
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a low cost.

[0006] That is, the UWB communications system
transmits signal energy by dispersing the spectrum of
the signal energy at a frequency of several GHz band-
widths not to interfere with other communications sys-
tems, thereby enabling communications without inter-
fering with narrowband signals and irrespective of fre-
quencies. The spectrum of a frequency domain is close-
ly related to the shape of a signal waveform of a tempo-
ral domain. A sine wave has a large energy value at a
particular frequency band, but an impulse has a uniform
energy distribution over a wide frequency band. Thus,
a pulse with a width of several nanoseconds or picosec-
onds is repeatedly used in the UWB communications.
[0007] Figure 2 illustrates a pulse signal with a uni-
form amplitude distribution and the spectrum of the
pulse signal.

[0008] When using only one pulse, an ultra low den-
sity of spectrum power appears as wideband noise over
an ultra wide frequency band. However, as apparent
from Figure 2, if communications are made using a
pulse with a uniform interval, the uniform periodicity of
pulse causes an energy spark (comb line) to occur in
the spectrum in a frequency domain. The energy spark
may interfere with narrowband signals used in other
communications and should be removed or minimized.
To prevent the uniform periodicity of a pulse sequence,
there is a need to change the interval of time between
adjacent pulses.

[0009] A pulse and a pulse sequence, which is ob-
tained by modulating the pulse, are required to transmit
data 0' and 1' using a pulse. In general, a pulse is mod-
ulated using On-Off Keying (OFK), Pulse Amplitude
Modulation (PAM), and Pulse Position Modulation
(PPM).

[0010] Figure 3 illustrates diagrams explaining PPM
for transmission of a UWB signal and the spectrum of a
position-modulated pulse. More specifically, the left
drawing in Figure 3 illustrates a method of changing the
position of a pulse using PPM so as to make the pulse
representation of signals 0 and 1. That is, a signal arriv-
ing before a reference point of time is expressed as 0's
and a signal arriving after the reference point of time is
expressed as 1's. The right drawing of Figure 3 illus-
trates the spectrum of the pulse, the position of which is
modulated using PPM. Referring to Figure 3, RF energy
of the pulse is more uniformly distributed over all fre-
quency bands than the energy of the pulse shown in Fig-
ure 2. Therefore, the existing narrowband communica-
tions system is less affected by the RF energy of Figure
3. However, since only a portion of a pulse can be mod-
ulated using PPM, the position-modulated pulse as-
sumes a similar shape to the spectrum of the previously
explained pulse sequence having uniform duration. In
conclusion, it is possible to make the spectrum uniform
to some degree, but it is difficult to prevent the occur-
rence of the energy spark.

[0011] Figure4illustrates a pulse with random interval
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and the spectrum of the pulse. More specifically, the left
drawing in Figure 4 illustrates a waveform of a position-
modulated pulse with random intervals and the right
drawing illustrates the energy spectrum of the pulse with
random intervals.

[0012] When atransmitter generates a pulse with ran-
dom interval and transmits it to a receiver via an anten-
na, the receiver creates a template pulse sequence rep-
resentation of O's or 1's and compares it with the re-
ceived pulse sequence, estimates and acquires infor-
mation regarding the received pulse sequence with ran-
dom intervals based on the result of the comparison,
and compares the received pulse and the template
pulse sequence and obtains data from the received
pulse based on the acquired information.

[0013] Therefore, the transmitter includes a random
number generator that generates a random number se-
quence and the receiver also includes arandom number
generator that generates the same random number se-
quence. However, it is required to synchronize the ran-
dom number sequence output from the transmitter and
the random number sequence output from the receiver
in order to interpret the received data.

[0014] Figure 5 illustrates pulse sequences with ran-
dom intervals. The synchronization represents that a
transmitter and a receiver related to data transmission
are to match a random-interval pulse sequence of a ran-
dom number sequence generated by the receiver with
a random-interval pulse sequence of a random number
sequence generated by the transmitter, so as to check
whether these randome-interval pulse sequences are the
same or not. If the energy distribution of the pulse se-
quence from the transmitter matches that of the pulse
sequence from the receiver by 95% or more, these pulse
sequences are considered as being identical with each
other and information regarding the random number se-
quence used is stored.

[0015] Since the width of a UWB pulse is very small,
its pulse energy is too slight to be detected. Thus, sev-
eral pulses are sent to transmit a piece of data, thereby
obtaining a favorable processing gain. That is, even if
some of the sent pulses are lost, it is possible to restore
the original information with the remaining pulses. How-
ever, a high-precision timer is further required to modu-
late and demodulate the UWB pulse, and it is difficult to
restore the original information when only a portion of
the UWB pulse changes.

[0016] Accordingto the presentinvention there is pro-
vided an apparatus and method as set forth in the ap-
pended claims. Preferred features of the invention will
be apparent from the dependent claims, and the de-
scription which follows.

[0017] The present invention provides a UWB pulse
sequence generation apparatus and method capable of
easily detecting information regarding the start position
of a pulse sequence, i.e., the synchronous positions of
transmitted pulse sequences, while maintaining a
processing gain, and a wireless data transmitting/re-
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ceiving apparatus and method using the generated
UWB pulse sequence.

[0018] In one aspect of the present invention, there is
provided a wireless data transmitting and receiving sys-
tem comprising: a random number generator which gen-
erates a random number sequence; a random-interval
pulse sequence generator which generates a random-
interval pulse sequence of data, which is to be transmit-
ted, using the random number sequence generated by
the random number generator; a template pulse se-
quence generator which generates a reference tem-
plate pulse sequence used to detect the start point of
the random-interval pulse sequence and generates
pulse sequences for a signal 0 and a signal 1 by chang-
ing the widths of pulses; a random number sequence
detector which receives the random-interval pulse se-
quence and detects information regarding the start point
of a random number sequence, which is used to make
the received random-interval pulse sequence, using the
reference template pulse sequence; and a comparator
which compares the pulse sequences for the signal 0
and the signal 1 based on the start point information re-
garding the random number sequence with the received
random-interval pulse sequence, and determines
whether the value of the received random-interval pulse
sequence is 0 or 1.

[0019] According to another aspect of the present in-
vention, there is provided a wireless data receiving ap-
paratus comprising a template pulse sequence genera-
tor which generates a reference template pulse se-
quence used to detect the start point of a received ran-
dom-interval pulse sequence and generates a pulse se-
quence for a signal 0 and a pulse sequence for a signal
1 by differently adjusting the widths of pulses; a random
number sequence detector which receives the random-
interval pulse sequence and detects information regard-
ing the start point of a random number sequence used
to generate the random-interval pulse sequence; and a
comparator which compares the received random-inter-
val pulse sequence with the pulse sequences for the sig-
nal 0 and the signal 1, which are generated by the tem-
plate pulse sequence generator, based on the start point
information detected by the random number sequence
detector and determines whether the value of the re-
ceived random-interval pulse sequence is 0 or 1.
[0020] According to yet another aspect of the present
invention, there is provided a UWB pulse sequence gen-
eration apparatus comprising a first pulse sequence
generator which generates a first UWB pulse sequence
using a predetermined random number sequence; and
a second pulse sequence generator which generates a
second UWB pulse sequence that is out of phase to the
first UWB pulse sequence by a predetermined degree.
[0021] According to still another aspect of the present
invention, there is provided a UWB pulse sequence gen-
erator comprising a first pulse sequence generator
which generates a first UWB pulse sequence using a
predetermined random number sequence; and a sec-
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ond pulse generator which generates a second UWB
pulse sequence whose pulse width is wider than the
pulse width of the first UWB pulse sequence by a pre-
determined degree.

[0022] According to still another aspect of the present
invention, there is provided a wireless data transmitting/
receiving method comprising: (a) generating a random
number sequence; (b) generating a random-interval
pulse sequence for data, which is to be transmitted, us-
ing the random number sequence; (c) generating a ref-
erence template pulse sequence used to detect the start
point of the received random-interval pulse sequence;
(d) receiving the random-interval pulse sequence and
detecting information regarding the start point of a ran-
dom number sequence used to generate the received
random-interval pulse sequence, using the reference
template pulse sequence; (e) generating reference
pulse sequences for a signal 0 and a signal 1 based on
the start point information regarding the random number
sequence; and (f) comparing the reference pulse se-
quences for the signal 0 and the signal 1 with the re-
ceived randome-interval pulse sequence and determin-
ing whether the value of the received random-interval
pulse sequence is 0 or 1 based on the result of compar-
ison.

[0023] According to still another aspect of the present
invention, there is provided a wireless data receiving
method comprising: (a) generating a reference template
pulse sequence used to detect the start point of a re-
ceived random-interval pulse sequence; (b) receiving
the random-interval pulse sequence and detecting in-
formation regarding the start point of a random number
sequence used to generate the received random-inter-
val pulse sequence using the reference template pulse
sequence; (c) generating reference pulse sequences for
a signal 0 and a signal 1 based on the start point infor-
mation regarding the random number sequence; and (d)
comparing the reference pulse sequences for the signal
0 and the signal 1 with the received random-interval
pulse sequence and determining whether the value of
the received random-interval pulse sequence is 0 or 1.
[0024] According to still another aspect of the present
invention, there is provided a UWB pulse sequence gen-
eration method comprising: (a) generating a first UWB
pulse sequence using a predetermined random number
sequence; and (b) generating a second UWB pulse se-
quence to be out of phase with the first UWB pulse se-
quence.

[0025] According to still another aspect of the present
invention, there is provided a UWB pulse sequence gen-
eration method comprising (a) generating a first UWB
pulse sequence using a predetermined random number
sequence; and (b) generating a second UWB pulse se-
quence whose pulse width is wider than the pulse width
of the first UWB pulse sequence by a predetermined de-
gree.

[0026] According to still another aspect of the present
invention, there is provided a computer readable record-
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ing medium on which a program that executes the above
method in a computer is recorded.

[0027] For a better understanding of the invention,
and to show how embodiments of the same may be car-
ried into effect, reference will now be made, by way of
example, to the accompanying diagrammatic drawings
in which:

Figure 1 is a graph illustrating the frequency spec-
trums of signals used in a narrowband communica-
tions system, a wideband Code Division Multiple
Access (CDMA) system, and a UWB communica-
tions system;

Figure 2 illustrates a pulse signal with uniform inter-
vals and the spectrum of the pulse signal;

Figure 3illustrates pulse position modulation (PPM)
for UWB signal transmission and the spectrum of a
signal that undergoes PPM;

Figure 4 illustrates a pulse with random intervals
and the spectrum of the pulse;

Figure 5 illustrates pulse sequences with random
intervals;

Figure 6 is a block diagram illustrating a structure
of a UWB transmitting and receiving system accord-
ing to an exemplary embodiment of the present in-
vention;

Figure 7 illustrates signals 0 and 1 obtained by
changing the phase of a pulse by 180 degree;

Figure 8 illustrates signals 0 and 1 obtained by
changing the width of a pulse; and

Figure 9 is a flowchart illustrating a wireless data
transmitting and receiving method according to an
exemplary embodiment of the present invention.

[0028] Figure 6 is a block diagram illustrating a struc-
ture of a UWB transmitting and receiving system accord-
ing to an exemplaryembodiment of the present inven-
tion. Referring to Figure 6, the UWB transmitting and
receiving system includes a transmitter 610 and a re-
ceiver 620. The transmitter 610 generates a time hop-
ping pulse sequence for binary data to be transmitted
and transmits the data to a wireless channel via an an-
tenna. The transmitter 610 includes a random number
generator 611 that generates a random number se-
quence used to make a pulse sequence with random
intervals; and a random interval pulse sequence gener-
ator 612 (hereinafter referred to as the 'pulse sequence
generator 612') that receives binary data to be transmit-
ted, performs pulse modulation based on information re-
garding the random number sequence generated by the
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random number generator 611, and generates a pulse
sequence with random intervals. To make a pulse se-
quence with random intervals using the generated ran-
dom number sequence, a pulse is generated after a unit
interval of time corresponding to the generated random
number. Therefore, since the start position of a pulse
depends on a random number, it is possible to generate
the pulse at a random position.

[0029] The receiver 620 includes a template pulse se-
quence generator 621, a random number sequence de-
tector 622, and a comparator 623. The template pulse
sequence generator 621 also includes a random
number generator (not shown). A random number se-
quence generated by the random number generator is
the same as the random number sequence that is used
to make a pulse sequence with random intervals by the
transmitter 610. A random number sequence detector
622, which will later be described in detail, detects the
start position of the pulse sequence.

[0030] The random number detector 622 compares a
random-interval pulse sequence, which is received via
wireless transmission, with a template pulse sequence
generated by the template pulse sequence generator
621 and determines whether these pulse sequences are
the same, so as to detect the start position of the pulse
sequence.

[0031] The reason for synchronizing the transmitter
610 and the receiver 620 related to data transmission is
to match the randome-interval pulse sequence generated
by the receiver 620 with the random-interval pulse se-
quence generated by the transmitter 610, so as to check
whether or not these pulse sequences are the same or
not. If the energy distribution of the pulse sequence from
the transmitter 610 matches that of the pulse sequence
from the receiver 620 by 95% or more, these pulse se-
quences are considered as being the same and infor-
mation regarding the random number sequence is
transmitted to the template pulse sequence generator
621. Then, the template pulse sequence generator 621
receives the information and generates reference pulse
sequences representing 0's and 1's.

[0032] The reference pulse sequences representing
0's or 1's are generated by adjusting the widths of pulses
to distinguish between the reference pulse sequences
representing 0's and 1's, unlike the conventional way of
delaying generation of a pulse by a predetermined in-
terval of time. The signals 0 and 1 will be later described
with reference to Figures 7 and 8.

[0033] The comparator 623 compares the pulse se-
quences representing 0's and 1's, which are generated
by the template pulse sequence generator 621, with the
received pulse sequence and determines whether re-
ceived data is 0 or 1.

[0034] Figure 7 illustrates signals 0 and 1 by moving
the phase of a random-interval pulse by degree 180. As
shown in Figure 7, a change in the phase of the pulse
makes it easy to detect the start position of the pulse
while maintaining the characteristics of the random-in-
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terval pulse. In Figure 7, TH1 through TH5 denote ran-
dom intervals of the pulse.

[0035] Figure 8 illustrates signals 0 and 1 obtained by
changing the widths of a pulse. As shown in Figure 8, it
is easier to detect the start position of the pulse and tell
the difference between signals 0 and 1 by changing the
width of a pulse than when detecting the start position
of a time-delayed pulse.

[0036] Figure9isaflowchartillustrating a wireless da-
ta transmitting and receiving method according to an ex-
emplary embodiment of the present invention. Referring
to Figure 9, a random number sequence is generated
(S910). Next, arandom-interval pulse sequence regard-
ing data to be transmitted is generated using the gener-
ated random number sequence (S920). The random-in-
terval pulse sequence is generated at a UWB, using
Pulse Position Modulation (PPM).

[0037] Next, a reference template pulse sequence,
which is used to detect the start position of the received
random-interval pulse sequence, is generated (S930).
The reference template pulse sequence is generated
based on information regarding the same random
number sequence as a transmitter uses to make the ran-
dom-interval pulse sequence. Next, reference pulse se-
quences corresponding to signals 0 and 1 are generated
by delaying the start points of pulses of the pulse se-
quence by predetermined lengths of time. In detail, each
pulse of the pulse sequence corresponding to the signal
0 is generated to be out of phase with each pulse of the
pulse sequence corresponding to the signal 1 by 180
degrees. In this case, the phase of each pulse of the
pulse sequence for the signal 0 and the phase of each
pulse of the pulse sequence for the signal 1 may be set
to be different from each other, using a BiPhase Shifting
Keying (BPSK) method or a Quadrature Phase Shift
Keying (QPSK) method.

[0038] Alternatively, the reference pulse sequences
may be generated such that the width of each pulse of
the pulse train corresponding to the signal 0 is different
from that of each pulse of the pulse train corresponding
to the signal 1 to a predetermined degree, thereby dis-
tinguishing between the reference pulse sequences
representing O's and 1's. That is, the widths of pulses
are adjusted to distinguish between the signal 0 and the
signal 1.

[0039] Next, the random-interval pulse sequence is
received and information regarding the start point of the
random number sequence, which is used to make the
received random-interval pulse sequence, is detected
using the reference template pulse sequence (S940).
More specifically, the start point information is detected
by checking the degree of which the energy distribution
of the randome-interval pulse sequence matches that of
the reference template pulse sequence and determining
whether the degree of match exceeds a predetermined
critical value, based on the result of comparison.
[0040] Next, pulse sequences for the signals 0 and 1
are generated based on the start point information re-
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garding the random number sequence (S950).

[0041] Next, the pulse sequences for the signals 0
and 1 are compared with the received random-interval
pulse sequence, so as to determine whether the value
of the random-interval pulse sequence is 0 or 1 (S960).
[0042] As described above, a wireless data transmit-
ting and receiving method and apparatus using a pulse
sequence generation apparatus and method, according
to the present invention, enables information regarding
the start point of a pulse sequence to be easily detected
while maintaining a processing gain.

[0043] The present invention can be embodied as a
computer readable code in a computer readable medi-
um. Here, the computer readable medium may be any
recording apparatus capable of storing data that is read
by a computer system, e.g., aread-only memory (ROM),
a random access memory (RAM), a compact disc (CD)
-ROM, a magnetic tape, a floppy disk, an optical data
storage device, and so on. Also, the computer readable
medium may be a carrier wave that transmits data via
the Internet, for example. The computer readable re-
cording medium can be distributed among computer
systems that are interconnected through a network, and
the present invention may be stored and implemented
as a computer readable code in the distributed system.
[0044] Although a few preferred embodiments have
been shown and described, it will be appreciated by
those skilled in the art that various changes and modi-
fications might be made without departing from the
scope of the invention, as defined in the appended
claims.

[0045] Attention is directed to all papers and docu-
ments which are filed concurrently with or previous to
this specification in connection with this application and
which are open to public inspection with this specifica-
tion, and the contents of all such papers and documents
are incorporated herein by reference.

[0046] All of the features disclosed in this specifica-
tion (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or proc-
ess so disclosed, may be combined in any combination,
except combinations where at least some of such fea-
tures and/or steps are mutually exclusive.

[0047] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving
the same, equivalent or similar purpose, unless ex-
pressly stated otherwise. Thus, unless expressly stated
otherwise, each feature disclosed is one example only
of a generic series of equivalent or similar features.
[0048] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel
one, or any novel combination, of the steps of any meth-
od or process so disclosed.
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Claims

1. A wireless data transmitting and receiving system
comprising:

a random number generator (611) which gen-
erates a random number sequence;

a random-interval pulse sequence generator
(612) which generates a random-interval pulse
sequence of data, which is to be transmitted,
using the random number sequence generated
by the random number generator (611);

a template pulse sequence generator (621)
which generates a reference template pulse se-
quence used to detect a start point of the ran-
dom-interval pulse sequence and generates
pulse sequences for a signal 0 and a signal 1
by changing widths of pulses;

a random number sequence detector (622)
which receives the random-interval pulse se-
quence and detects information regarding a
start point of a random number sequence,
which is used to make the received random-in-
terval pulse sequence, using the reference
template pulse sequence; and

a comparator (623) which compares the pulse
sequences for the signal 0 and the signal 1
based on the start point information regarding
the random number sequence with the re-
ceived random-interval pulse sequence, and
determines whether the value of the received
random-interval pulse sequence is 0 or 1.

2. The system of claim 1, wherein the random-interval
pulse sequence is generated at an Ultra Wide Band
(UWB).

3. The system of claim 1 or 2, wherein the random-
interval pulse sequence generator (612) generates
the randome-interval pulse sequence using pulse
position modulation.

4. The system of claim 1, 2 or 3, wherein the template

pulse sequence generator (621) generates the ref-
erence template pulse sequence based on informa-
tion regarding the same random number sequence
as a transmitter uses to generate the random-inter-
val pulse sequence.

5. The system of any preceding claim, wherein the
random number sequence detector (622) detects
the start point information regarding the random
number sequence by checking a degree of which
an energy distribution of a spectrum of the received
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random-interval pulse sequence matches an ener-
gy distribution of a spectrum of the reference tem-
plate pulse sequence, which is generated by the
template pulse sequence generator (621), and de-
termining whether the degree of match exceeds a
predetermined critical value.

The system of any preceding claim, wherein the
template pulse sequence generator (621) gener-
ates the pulse sequences such that each pulse of
the pulse sequence corresponding to the signal 0
is out of phase with each pulse of the pulse se-
quence corresponding to the signal 1 by a prede-
termined degree.

The system of any preceding claim, wherein the
template pulse sequence generator (621) gener-
ates reference pulse sequences by adjusting the
widths of the pulses of the pulse sequence for the
signal 0 to be different from the widths of the pulses
of the pulse sequence for the signal 1 to a prede-
termined degree, so as to distinguish between 0's
and 1's in the reference pulse sequences.

A wireless data receiving apparatus comprising:

a template pulse sequence generator (621)
which generates areference template pulse se-
quence used to detect a start point of a received
random-interval pulse sequence and gener-
ates a pulse sequence for a signal 0 and a pulse
sequence for a signal 1 by differently adjusting
widths of pulses;

a random number sequence detector (622)
which receives the random-interval pulse se-
quence and detects information regarding a
start point of a random number sequence used
to generate the random-interval pulse se-
quence; and

a comparator (623) which compares the re-
ceived randome-interval pulse sequence with
the pulse sequences for the signal 0 and the
signal 1, which are generated by the template
pulse sequence generator (621), based on the
start point information detected by the random
number sequence detector (622) and deter-
mines whether a value of the received random-
interval pulse sequence is 0 or 1.

9. The apparatus of claim 8, wherein the received ran-

dom-interval pulse sequence is generated at a
UWB.

10. The apparatus of claim 8 or 9, wherein the template

pulse sequence generator (621) generates the
pulse sequences such that each pulse of the pulse
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11.

12.

13.

14.

15.

sequence for the signal 0 is out of phase with each
pulse of the pulse sequence for the signal 1 by a
predetermined degree.

The apparatus of claim 8, 9 or 10, wherein the tem-
plate pulse sequence generator (621) generates
reference pulse sequences by adjusting a pulse
width for the signal 0 to be different from a pulse
width for the signal 1 to a predetermined degree, so
as to distinguish between 0's and 1's in the refer-
ence pulse sequences.

A UWB pulse sequence generation apparatus com-
prising:

a first pulse sequence generator which gener-
ates a first UWB pulse sequence using a pre-
determined random number sequence; and

a second pulse sequence generator which gen-
erates a second UWB pulse sequence that is
out of phase to the first UWB pulse sequence
by a predetermined degree.

The apparatus of claim 12, wherein the phase of
each pulse of the pulse sequence for the signal 0
and the phase of each pulse of the pulse sequence
for the signal 1 are set to be different from each oth-
er, using a BiPhase Shifting Keying (BPSK) method
or a Quadrature Phase Shift Keying (QPSK) meth-
od.

A UWB pulse sequence generator comprising:

a first pulse sequence generator which gener-
ates a first UWB pulse sequence using a pre-
determined random number sequence; and

a second pulse generator which generates a
second UWB pulse sequence whose pulse
width is wider than the pulse width of the first
UWB pulse sequence by a predetermined de-
gree.

A wireless data transmitting/receiving method com-
prising:

(a) generating a random number sequence;
(b) generating a random-interval pulse se-
quence for data, which is to be transmitted, us-
ing the random number sequence;

(c) generating a reference template pulse se-
quence used to detect a start point of the re-

ceived random-interval pulse sequence;

(d) receiving the random-interval pulse se-
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quence and detecting information regarding a
start point of a random number sequence used
to generate the received random-interval pulse
sequence, using the reference template pulse
sequence;

(e) generating reference pulse sequences for a
signal 0 and a signal 1 based on the start point
information regarding the random number se-
quence; and

(f) comparing the reference pulse sequences
for the signal 0 and the signal 1 with the re-
ceived random-interval pulse sequence and
determining whether the value of the received
random-interval pulse sequence is 0 or 1 based
on the result of comparison.

The method of claim 15, wherein the random-inter-
val pulse sequence is generated at a UWB.

The method of claim 15 or 16, wherein during (b),
the random-interval pulse sequence is generated
using pulse position modulation.

The method of claim 15, 16 or 17, wherein during
(c), the reference template pulse sequence is gen-
erated based on information regarding the same
random number sequence as a transmitter uses to
generate the random-interval pulse sequence.

The method of any of claims 15 to 18, wherein dur-
ing (d), the start point information is detected by
checking a degree of which an energy distribution
of a spectrum of the received random-interval pulse
sequence matches an energy distribution of a spec-
trum of the reference template pulse sequence and
determining whether the degree of match exceeds
a predetermined critical value.

The method of any of claims 15 to 19, wherein dur-
ing (e), the reference pulse sequences are gener-
ated such that each pulse of the pulse sequence for
the signal 0 is out of phase with each pulse of the
pulse sequence for the signal 1 by a predetermined
degree.

The method of any of claims 15 to 20, wherein dur-
ing (e), the reference pulse sequences are gener-
ated such that a width of each pulse of the pulse
sequence for the signal 0 is adjusted to be different
from a width of each pulse of the pulse sequence
for the signal 1 to a predetermined degree, so as to
distinguish between 0's and 1's in the reference
pulse sequences.

A wireless data receiving method comprising:
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(a) generating a reference template pulse se-
quence used to detect a start point of areceived
random-interval pulse sequence;

(b) receiving the randome-interval pulse se-
quence and detecting information regarding a
start point of a random number sequence used
to generate the received randome-interval pulse
sequence using the reference template pulse
sequence;

(c) generating reference pulse sequences for a
signal 0 and a signal 1 based on the start point
information regarding the random number se-
quence; and

(d) comparing the reference pulse sequences
for the signal 0 and the signal 1 with the re-
ceived random-interval pulse sequence and
determining whether a value of the received
random-interval pulse sequence is 0 or 1.

The method of claim 22, wherein the random-inter-
val pulse sequence is generated at a UWB.

The method of claim 22 or 23, wherein during (c),
the reference pulse sequences are generated such
that each pulse of the pulse sequence for the signal
0 is out of phase with each pulse of the pulse se-
quence for the signal 1 by a predetermine degree.

The method of claim 22, 23 or 24, wherein during
(c), the reference pulse sequences are generated
such that widths of pulses of the pulse sequence for
the signal 0 are different from widths of pulses of
the pulse sequence for the signal 1 to a predeter-
mined degree, so as to distinguish between 0' sand
1's in the reference pulse sequences.

A UWB pulse sequence generation method com-
prising:

(a) generating a first UWB pulse sequence us-
ing a predetermined random number se-
quence; and

(b) generating a second UWB pulse sequence
to be out of phase with the first UWB pulse se-
quence.

The method of claim 26, wherein a phase of the first
UWB pulse sequence and a phase of the second
UWB pulse sequence are set to be different from
each other, using BPSK or QPSK.

A UWB pulse sequence generation method com-
prising:
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(a) generating a first UWB pulse sequence us-

ing a predetermined random number se-
quence; and

(b) generating a second UWB pulse sequence
whose pulse width is wider than a pulse width 5
of the first UWB pulse sequence by a predeter-
mined degree.

29. A computer readable recording medium for record-
ing a program which executes a UWB pulse se- 10
quence generation method, wherein the method
comprises:

(a) generating a first UWB pulse sequence us-
ing a predetermined random number se- 15
quence; and

(b) generating a second UWB pulse sequence
which is out of phase with the first UWB pulse
sequence by a predetermined degree. 20

30. A computer readable recording medium for record-
ing a program which executes a UWB pulse se-
quence generation method, wherein the method
comprises: 25

(a) generating a first UWB pulse sequence us-
ing a predetermined random number se-

quence; and
30
(b) generating a second UWB pulse sequence
whose pulse width is wider than a pulse width
of the first UWB pulse sequence by a predeter-
mined degree.
35
40
45
50
55
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FIG. 3 (PRIOR ART)
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FIG. 9
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